catalyst in solvent-free media. The major advantages of this method are: operational simplicity, low catalyst loading, selectivity, mild reaction conditions, short reaction times and excellent yields. The recovered catalyst could be used in new attempts without any purification.
INTRODUCTION
Oximes are useful for the isolation, purification and characterization of carbonyl compounds.
1-3
These compounds not only represent a convenient series of derivatives of carbonyl compounds but also may be used as intermediates for the preparation of amides by the Beckmann rearrangement, 4 amines, 5 nitrones, 6 hydroxyiminoyl chlorides, 7 nitriles, 8 nitrile oxides, 7 and chiral α-sulfinyl oximes. 9 The usual method for the preparation of oximes involves treatment of carbonyl compounds with hydroxylamine hydrochloride in a basic aqueous medium with adjustment of pH. 10 Chemical methods for the synthesis of oximes usually give a mixture of the two geometrical isomers (Z and E), which have different physical properties and biological activities 11 and must be separated by chromatography or recrystallization techniques. In the second step of Beckmann rearrangement mechanism, conversion should take place by the migration of an anti group. Whereas, usually the more bulky group has migrates. However, the oxime formation or Beckmann rearrangement reagents also catalyze interconversion of the Z and E geometrical isomers of oximes.
12 The rate of equilibration of a mixture of Z and E isomers and the position of the equilibrium is temperature dependent.
12a Recently, Liu et al., 13 reported that this inter-conversion is also solvent dependent therefore; solvent and temperature control are critical.
A few methods are available of the synthesis of Z and E isomer of aldoximes. [14] [15] In many cases, E and solvent-free system, condensation of benzaldehyde and hydroxylamine hydrochloride was more facile and proceeded to gave highest yield, under solvent free conditions (Table 1 , Entry 6). Interestingly, it was found to be HPA with low loading (1 mole%) is an efficient catalyst and gave exclusively benzaldoxime in 95% yield in 15 min under solvent free conditions. In lower catalyst loading the conversion and isolated yields are decreased (Table 1 , Entries 11 and 12). However, oximation of benzaldehyde with hydroxylamine hydrochloride in the absence of catalyst did not occur even under extension of reaction time to one hour, and unreacted benzaldehyde was completely recovered. Furthermore, the use of 1 mole% of catalyst is sufficient to promote the reaction and no other additives are required for this conversion. The HPA catalyst was easily recovered and reused for the next set of oximation reactions without significant decrease in activity even after five runs (Table 1 , Entries 6-10).
In order to evaluate the generality of the process, various aldehydes were ground with hydroxylamine hydrochloride in the presence of a catalytic amount of the H (1 mole%) in solvent-free media. In this approach, corresponding Z-aldoximes were obtained in quantitative yield. The general reaction is illustrated according to the Scheme 1 and the results have been reported in Table 2 . All reactions were performed in less than 20 minutes. As shown in the Table 2 the reaction of hydroxylamine hydrochloride with different aromatic aldehydes, including those with electron withdrawing and donating substituents in the presence of this catalyst, gave Z-aldoximes in high yield and stereoselectivity.
The purity of the products was determined by 1 H NMR and IR spectra, which showed the exclusive Scheme 1. Refer to the recycling of catalyst in new subsequent runs.
formation of the corresponding Z-aldoximes whose structure was confirmed by melting points comparison. In all the 1 H-NMR spectra (CDCl 3 , 25 ºC), the OH group of aldoximes appeared around 8-10 as a broad singlet and in IR spectra the OH and C=N groups were observed around 3200-3500 and 1605-1660 cm -1 , respectively. The Z-stereochemistry of the products was determined from the 1 H-chemical shift 14 of the C(H)=N group which appeared around 8-8.5 as a singlet (Table 2) .
A well known general method 16 was chosen to confirm the Z-aldoxime configuration. Z-Aromatic aldoximes are known to convert readily to their E-isomers especially in dilute acid condition. We have examined such a conversion in the cases of Z-p-chlorobenzaldoxime and Z-p-nitrobenzaldoxime. 14,16 By comparison of 1 H NMR of these isomers, we have observed that the C(H) =N signal in 8.20 and 8.36 have disappeared in the Z-aldoximes and the new signal for E-aldoximes appeared in 7.30 and 7.60 ppm, respectively. TLC examination showed that the Z-aldoxime gave only one spot which had a lower R f value than the E-aldoxime. Also, we only detected and isolated the Z-aromatic aldoximes according to TLC examination and melting point comparison.
Of greater significance, we found that, whereas all of the preparation of the oximes in the presence of Lewis or Brönsted acids require an acidic work up, the HPA work up is a simple washing the mixture by inert solvent. However, the effects of hydrochloric acid 16 or solvent 13 for interconversion of Z and E isomers are ruled out for our solvent-free procedure. We suggested that the regioselective formation of Z-aldoximes attributed to the bulky super When the reaction was carried out using aliphatic aldehydes such as octanal and phenylacetaldehyde, the conversion is low and a mixture of E and Z isomers was obtained. However, ketones such as benzophenone, acetophenone and cyclohexanone did not afford the corresponding oximes under these conditions. In order to show chemoselectivity of the presented reagent, a mixture of one equivalent of aldehyde and one equivalent of ketone was treated with two equivalents of hydroxylamine hydrochloride in the presence of a catalytic H at room temperature for 20 min. Only the aldehyde was selectively converted to the corresponding oxime and ketones did not react at all (Scheme 2). Therefore this methodology could be used selectively for the preparation of aldoximes of compounds that contain both aldehyde and ketone functional groups.
In conclusion, the reported procedure is an easy and novel method for the preparation of aldoximes in solvent-free media. In addition, this catalyst affords various aldoximes in a shorter reaction time (20 min), in good to excellent yields (85-95%), and high stereoselectivities (Z-isomers). Also, catalyst loading is low (1 mole%) and easily isolated from reaction mixture and can be reused for several times.
EXPERIMENTAL SECTION
Starting materials were obtained from Fluka (Buchs, Switzerland) Company. Products are known compounds and were characterized by comparison of their spectral data (IR and 1 H NMR) and physical properties with those reported in the literature. 14, 19, 23 IR spectra were recorded on a Shimadzu 470 spectrophotometer.
1
H NMR spectra were recorded on Bruker 100 and 500 MHz instruments using tetramethylsilane (TMS) as an internal standard. Progresses of the reactions were followed by TLC using silica gel Polygrams SIL G/UV 254 Sheets. All melting points recorded are uncorrected open capillary measurements. All yields refer to isolated products.
General Procedure for Preparation of Z-Aldoximes
In a typical reaction, a mixture of the aldehyde (2 mmol), hydroxylamine hydrochloride (4 mmol) and H 
